This article investigates the effect of processing parameters (conditioning temperature and binder content), on final quality of produced agro-pellets for heat energy generation, obtained from four different olive cultivars using different technological parameters. Technological, physical and chemical properties of pellets (carbon, hydrogen, nitrogen and sulphur content, particle density, abrasion length, moisture, ash content, higher and lower heating values, fixed carbon and volatile matter content) have been determined to assess their quality. Due to global reduction in fossil energy sources, investigations have turned to renewable sources. Among renewable energy sources, biomass particularly stands out because it can be used to cover a variety of energy needs and it can also be stored, unlike other renewable energy sources [1] . The use of biomass as an energy source also enables closing of the carbon cycle, which is not the case when fossil fuels are used [2] .
lets. Pelletized material is much easier to manipulate and store, moreover it has higher density and better heating value/volume ratio [4] .
Results of quality analyses of olive cake pellets obtained in a previous investigation were used in this paper [5] . Improved mathematical approach of the previously obtained results was applied in order to more accurately analyse the quality of the produced agro fuel pellets in order to optimize the pelleting process. The goal is to obtain high quality fuel pellets which are in line with European standards for fuel pellets and are produced with no unnecessary costs.
Response surface methodology (RSM) is used as an effective tool for optimizing a variety of processes [6--8] . The main advantage of RSM is reduced number of experimental runs that provide sufficient information for statistically valid results. The RSM equations describe effects of the test variables on the observed responses, determine test variables interrelationships and represent the combined effect of all test variables in the observed responses, enabling the experimenter to make efficient exploration of the process.
Nonlinear models are found to be more suitable for real process simulation. Response Surface Methodology (RSM) and Artificial Neural Network (ANN) models have gained momentum for modelling and control of processes [9, 10] .
ANN models are recognized as a good modelling tool since they provide the empirical solution to the problems from a set of experimental data, and are capable of handling complex systems with nonlinear-ities and interactions between decision variables [11] . The specific objective of this study was to investigate the effect of olive cultivar, conditioning temperature and binder content on technological, physical and chemical properties of pellets (carbon, hydrogen, nitrogen and sulphur content, particle density, abrasion length, moisture, ash content, higher and lower heating values, fixed carbon and volatile matter content). The performance of ANN was compared with SOPs, as well as to experimental data in order to develop rapid and accurate prediction models.
The current study intends to investigate the effects of conditioning temperature and added binder content on the final quality of agro-pellets produced from four different olive cultivars using different technological treatments. Also, this investigation is focused on finding the appropriate mathematical models for carbon, hydrogen, nitrogen and sulphur content, particle density, abrasion and length, and also moisture and ash content, higher and lower heating value (HHV and LHV), fixed carbon and volatile matter content, regarding observed process parameters: conditioning treatment and added binder content.
MATERIALS AND METHODS

Raw-material
Pellets from four different olive cake cultivars were used in this research; Istarska Bjelica, Buža, Leccino and Pendolino. Olive cake was obtained from an olive oil mill in Istria, Croatia. Parameters which were varied during preparation of olive cake for pelleting were steam conditioning treatment (unconditioned and conditioned at 50 and 80 °C) and amount of added binder (no binder and 1 and 2% of added binder). The treatments resulted in nine combinations for each of four cultivars used, making a total of 36 combinations for pelleting, which are presented in Table 1 . Detailed description of the preparation of the material and the process of pelleting of the olive cake is given in a previous paper [5] . 
Analyses of the pellets
Proximate analyse that were done on the samples were: moisture content [12] , ash content [13] , fixed carbon (calculated by difference between 100 and the sum of volatile matter, ash and moisture) and volatile mater [14] . Samples were analysed for ultimate composition: content of C, H, N [15] and S [16] , HHV and LHV [17] .
Physical characteristics determined in this study were abrasion, density and length of pellets. Abrasion was determined with abrasion test device "Pfost" (Bühler, Switzerland). Density was analysed using the hydrostatic method on the analytical balance, with ethanol as a medium for wetting. Length of the pellets was measured by calliper. Detailed description of the performed measurements is given in our previous work [5] .
Mathematical modelling
Descriptive statistical analyses for all the obtained results have been expressed as the mean ± standard deviation (SD). Furthermore, the evaluation of one-way ANOVA and PCA analyses of the obtained results has been performed using StatSoft Statistica 10.0® software. Collected data have been subjected to one-way analysis of variance (ANOVA) for the comparison of means, and significant differences are calculated according to post-hoc Tukey's HSD ("honestly significant differences") test at p < 0.05 significant level, 95% confidence limit. All data are reported as means ± standard deviations.
Response surface methodology
The experimental data used for the study of experimental results were obtained using a 4×3 2 full factorial experimental design (3 levels-2 parameters), with 9 runs (4 blocks, for each of four different cultivars), according to Response surface methodology [18] . It was used to design the final product quality, considering two factors: conditioning temperature and added binder content.
The following second order polynomial (SOP) model was fitted to the experimental data. Thirteen models of the following form were developed to relate thirteen responses (Y) and two process variables (X), for each of four different olive cultivars:
where:
are constant regression coefficients; l k Y , either C, H, N or S content, particle density, abrasion and length, moisture and ash content, HHV, LHV, fixed carbon or volatile matter content; X 1 -conditioning temperature; X 2 -binder content.
Artificial neural network (ANN)
The database for ANN was randomly divided to: training data (60%), cross-validation (20%) and testing data (20%). The cross-validation data set was used to test the performance of the network, while training was in progress as an indicator of the level of generalization and the time at which the network has begun to over-train. Testing data set was used to examine the network generalization capability. To improve the behaviour of the ANN, both input and output data were normalized. In order to obtain good network behaviour, it is necessary to make a trial and error procedure and also to choose the number of hidden layers, and the number of neurons in hidden layer(s). A multi-layer perceptron models (MLP) consisted of three layers (input, hidden and output). Such a model has been proven as a quite capable of approximating nonlinear functions [19] giving the reason for choosing it in this study. In this work the number of hidden neurons for optimal network was ten. Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm was used for ANN modelling.
After defining the architecture of ANN, the training step was initiated. The training process was repeated several times in order to get the best performance of the ANN, due to a high degree of variability of parameters. It was accepted that the successful training was achieved when learning and cross-validation curves approached zero. Testing was carried out with the best weights stored during the training step. Coefficient of determination (r 2 ) and sum of squares (SOS) were used as parameters to check the performance (i.e., the accuracy) of the obtained ANNs. After the best behaved ANN was chosen, the model was implemented using an algebraic system of equations to predict carbon, hydrogen, nitrogen and sulphur content, particle density, abrasion and length, and also moisture and ash content, higher and lower heating value (HHV and LHV), fixed carbon and volatile matter content.
Sensitivity analysis
Sensitivity analysis is a sophisticated technique which is necessary to use for studying the effects of observed input variables and also the uncertainties in obtained models and general network behaviour. Neural networks were tested using sensitivity analysis, to determine whether and under what circumstances obtained models might result in an ill-conditioned system [20] . On the basis of developed ANN models, sensitivity analysis was performed in order to more precisely define the influence of processing variables on the observed outputs. The infinitesimal amount (+0.0001%) has been added to each input variable, in 10 equally spaced individual points encompassed by the minimum and maximum of the train data. These signals were normally distributed with a constant intensity and frequency. It was used to test the model sensitivity and measurement errors.
Normal standard score
Normal scores have been calculated for each assay, and were used for complex comparison of observed samples, regarding their technological, physical and chemical properties. The ranking procedure between different samples has been performed based upon the ratio of raw data and extreme values for each applied assay [5, 21, 22] , according to these equations:
in case of "the higher, the better" criteria, or
in case of "the lower, the better" criteria, where i x represents the raw data.
Unlike others variables, normalized scores for moisture and length have been evaluated according to optimal values, using trapezoidal function, as follows: 
RESULTS AND DISCUSSION
The agro-pellets production was studied in terms of common technological, physical and chemical parameters, i.e., C, H, N and S content, particle density, abrasion and length, moisture and ash content, HHV, LHV, fixed carbon and volatile matter content.
Each of the process variables has been coded, as shown in Table 2 , and these codes are used for easier representation of experimental data. 
Response surface methodology
Ultimate analysis Chemical characteristics (C, H, N and S content) of four different cultivars (Bjelica, Buža, Leccino and Pendolino) of olive cake are presented in Table 3 . Tukey's HSD test showed significant differences for most cases.
The analysis of variance (ANOVA) exhibits the significant independent variables as well as interactions of The analysis revealed that the linear terms contributed substantially in all cases to generate a significant SOP model. The SOP models for all variables were found to be statistically significant and the response surfaces were fitted to these models.
The most influential variable for SOP model calculation was found to be the type of olive cultivar. Non--linear terms of SOP models have been found most influential for C and H content, while linear terms have been most important for N and S content calculation. The influences of temperature and binder content are also observed, but far less important than the cultivar type.
Nitrogen content is mostly affected by cultivar type, but the effects of conditioning temperature and binder content have also been observed. Sulphur content is mostly affected by cultivar type, but the influence of linear and quadratic terms of conditioning temperature and binder content have been also noticed on p<0.05 statistically significant level.
Nitrogen and sulphur content should be especially monitored while these elements can be the most harmful for the environment due to emission of polluting gasses during combustion. Therefore it is desirable that their content is as low as possible. N content was in range from 0.69 to 1.07 (Table 3) , which is slightly lower than in literature data [23] and the minimum content has been observed in pellets produced from Istarska Bjelica cultivar. According to European standards for fuel pellet quality the highest allowed concentration of nitrogen is 1.0% [24] , therefore it is evident that these pellets are mostly in acceptable range. It is known that wood, as a raw material for the production of pellets, has a lower proportion of nitrogen than agricultural biomass [25] . Johansson et al. [26] found only 0.08% of nitrogen in wood pellets. Coal on the other hand has about 1% nitrogen [27] , which is very similar to the values obtained for olive cake pellets. Therefore olive cake pellets will cause equal nitrogen oxides emissions as coal.
Produced pellets contained approximately 0.07--0.08% of sulphur (Table 3) , which is consistent with data in the literature [23] and the highest allowed content by EU standards is 0.04 [24] . Minimum sulphur content has been observed in pellets made of Istarska Bjelica cultivar. Produced pellets exceed the proscribed boundaries, but according to [28] , there are pellets that are allowed 0.08% S. Very small amounts of S can be found in wood and wood pellets [26, 29] , while on the other hand coal has much higher contents of S: 2-3% [27, 30] . Therefore biomass produces significantly less sulphur oxides during combustion.
Carbon content is affected by both quadratic and linear term in SOP model (statistically significant at p < < 0.05 level), while the influence of binder content has been found to be insignificant. Besides cultivar type, the most influential terms in SOP model of hydrogen content are linear terms of conditioning temperature and binder content (p < 0.05), and also the nonlinear terms. As presented in Table 3 , carbon content varied in the range from 53.53 to 57.68% which is consistent with the literature, while hydrogen was also in common values: 7.26-8.22 [3, 23] . Slightly lower contents of carbon and hydrogen have been noticed in pellets made of Istarska Bjelica cultivar, compared to other cultivars. Carbon and hydrogen are not limiting factors, thus their amount is not proscribed by standards. Moreover, it is desirable that material has higher content of C and H, while it contributes to higher heating energy.
Physical properties
Physical properties (particle density, abrasion and length) are also presented in Table 3 . Statistically significant differences have been found in most cases, mostly influenced by process temperature (p < 0.05). Binder content has been found as most influential variable for particle density calculation, while both linear and quadratic terms of conditioning temperature have been found statistically significant at p < 0.05 level. Cultivar type showed minor impact on particle density, but still statistically significant. Particle density of all samples was above 1.12 g/cm 3 which is the value proscribed by several EU standards [28] . The density of the pellets treated with the same conditioning treatment increased with the addition of binder, as shown in Table 3 . Both abrasion and length calculation are most influenced by conditioning temperature, while cultivar type terms have been found statistically significant.
Abrasion of the pellets varied from 3.43 to 15.92%. The highest allowed level of abrasion in fuel pellets is 10.0% according to literature [28] ; therefore most of the produced pellets fall into this range. Conditioning treatment and addition of binder decreases abrasion of all samples, because conditioning increases moisture content of the material as well as exposes it to elevated temperatures which facilitate particle binding [32, 33] .
Proximate analysis
The results of proximate analysis (moisture and ash content, HHV, LHV, fixed carbon and volatile matter content) of oil cake is presented in Table 4 , and the ANOVA calculation of these parameters is presented in Table 5 . Statistically significant differences of samples have been found in most cases, according to Tukey's HSD test, for various observed assays. Conditioning treatment has been the most important variable for moisture content and fixed carbon.
Ash content and HHV were mostly impacted by cultivar type, while LHV was mostly influenced by conditioning and binder content. ANOVA calculation showed complex influence of linear and nonlinear terms for variables: fixed carbon and volatile matter. Recommended moisture content is up to 10%, which was the case for all pellets except the ones made from material conditioned at 80 °C. Ash content varied in range 1.54-1.95%, which is in boundaries proscribed by EU standards [28] , where the highest allowed value is 6.0% of ash. Lower ash content increases heating value and improves combustion properties. LHV proscribed by EU standards advises values in range: from >16.0 to >18 MJ/kg. All of the samples had LHV higher than 20 MJ/kg and thus meet the proscribed norms.
Also shown in Table 5 is the residual variance where the lack of fit variation represents other contributions except for the higher order terms. A significant lack of fit generally shows that the model failed to represent the data in the experimental domain at which points were not included in the regression [34] . All SOP models had insignificant lack of fit tests, which means that all the models represented the data satisfactorily.
The coefficient of determination, r 2 , is defined as the ratio of the explained variation to the total variation and is explained by its magnitude [18] . It is also the proportion of the variability in the response variable, which is accounted for by the regression analysis. A high r 2 is indicative that the variation was accounted and that the data fitted satisfactorily to the proposed model (SOP in this case).
The r Table 6 shows the regression coefficients for the response SOP models of C, H, N and S content, particle density, abrasion and length, moisture and ash content, HHV, LHV, fixed carbon and volatile matter content used by Eq. (1) for predicting the values.
Artificial neural network
All variables considered in the RSM, were also used for the ANN modelling. Determination of the appropriate number of hidden layers and number of hidden neurons in each layer is one of the most critical tasks in ANN design. The number of neurons in a hidden layer depends on the complexity of the relationship between inputs and outputs. As this relationship becomes more complex, more neurons should be added [35] .
The optimum number of hidden neurons was chosen upon minimizing the difference between predicted ANN values and desired outputs, using SOS during testing as performance indicator. Used multi--layer perceptron models (MLPs) were marked according to StatSoft Statistica's notation. MLP was followed by number of inputs, number of neurons in the hidden layer, and the number of outputs. According to ANNs summary, it was noticed that the optimal number of neurons in the hidden layer for responses prediction was 9 (network MLP 3-9-13), when obtaining high values of r 2 (0.914, 0.890 and 0.825 for training, testing and validation period, respectively) and low values of SOS (0.059, 0.084 and 0.108 for training, testing and validation period, respectively). The used activation functions were: hyperbolic tangent for hidden layer and logistic, for output layer; used training algorithm was BFGS 149. Performances of the optimal ANN, regarding r 2 between experimental measurements and predicted results are presented on Table 6 .
Optimal network, used for prediction of response variables was able to predict reasonably well the output for a broad range of the process variables. The predicted values were very close to the experimental (target) values in most cases, in terms of r 2 value for both SOP and ANN models. It can be seen that the r 2 value for ANN model is greater than this associated with the SOP model (except those for HHV and LHV calculation). Generally, ANN model is more complex (186 weights-biases for calculation) than SOP, and it has performed better fitting of experimental data due to the high nonlinearity of the developed system [36, 37] .
The mean and the standard deviation of residuals has also been analysed. The mean and standard deviation (SD) of residuals is presented in Table 7 . These results showed a good approximation to a normal distribution around zero with a probability of 95% (2SD), which means a good generalization ability of ANN model for the range of observed experimental values (Figure 1 ).
Sensitivity analysis
In order to or assess the effect of changes in the outputs due to the changes in the inputs, a sensitivity analysis was performed (Figure 2) . The greater effect observed in the output implies that greater sensitivity is presented with respect to the input [38] . Sensitivity analysis has been performed to test an infinitesimal change in an input value in 10 equally spaced individual points, ranged by the minimum and maximum of the observed assay, in order to explore the changes in observed outputs. It is also used to test the model sensitivity and measurement errors.
The influence of the input over the output variables, i.e., calculated changes of output variables for infinitesimal changes in input variables, is shown in Figure 3 . Obtained values corresponded to level of experimental errors, and also showed the influence of cultivar type, temperature and binder content on response variables.
According to Figure 3 , particle density is mostly influenced by cultivar type, showing higher values for Leccino and Pendolino, then for Istarska Bjelica and Buža. Temperature becomes more influential at the maximum of input space, decreasing the particle density, while binder content slightly increases this parameter at the maximum of input space. Temperature of the treatment seems to be the most influential variable for abrasion and the length of pellets, especially for temperatures close to minimum of input space (abrasion is decreased, while the length is being increased for small changes in temperature). Istarska Bjelica and 'Buža showed tendency for being more abrasive. The olive cultivar type is the most important for prediction of ash content, as well as C, H, N and S content, as expected. HHV, fixed carbon and volatile matter are also mostly influenced by cultivar type, but the final value of these responses could be increased if conditioned at higher temperatures. All of these findings are in accordance with ANOVA analysis, as well as with experimental measurements.
Normal standard score optimization of the thirteen response variables was accomplished in order to find the processing variables (conditioning temperature and binder content), that give optimal values of response variables. Trapezoidal membership function was used as optimization method, according to Eq. Tables 3 and 4) . The "higher the better" or the "lower the better" criteria have been used according to the sign in "Polarity" raw in Tables 3  and 4 , while moisture and length parameters have been represented by their optimal values.
The objective function (F) is the mathematical function whose maximum would be determined, by summing the FSE results for of the thirteen models, according to Eq. (1). Each response variable (C, H, N and S content, particle density, abrasion and length, and also moisture and ash content, HHV, LHV, fixed carbon and volatile matter content) has equal weight, when calculating the function F.
The maximum of function F represents the optimal parameters for processing parameters, and also the optimum for response variables. The three-dimensional graphs for four different olive cultivars, were obtained using objective function to determine optimum production conditions, regarding production parameters (conditioning temperature and binder content), Fig. 1 . If the value of membership trapezoidal function is close to 1, it shows the tendency of tested processing parameters of being optimal. Three-dimensional plots were drawn for calculated FSE data visualization (white coloured points) and for the purpose of observation. F functions were plotted using RSM procedure, and the obtained coefficients of determinations in ANOVA analysis, regarding the accuracy of fitting, were: 0.883 (for Istarska Bjelica), 0.865 (for Buža), 0.956 (for Leccino) and 0.973 (for Pendolino).
FSE analysis showed that the best results were obtained with conditioning treatment at 50 °C and without binder addition for cultivar Buža (maximum F = = 0.66), Fig. 1b . Istarska.Bjelica (Fig. 1a) , also had satisfactory results, with largest F = .64, for lower temperature regime (closer to 40 °C), and increased binder content (approx. 2%). Other two cultivars (Pendolino (Fig. 1d) and Leccino (Fig. 1c) ) had somewhat lower results with maximum F value of 0.63, with no conditioning and with binder content of 2%.
Generally the analysed agro-pellets had good quality for energy utilization and almost all characteristics were within the limits of EU standards. Although these standards are primary intended to regulate characteristic of pellets made from wood and wood residues, the produced olive cake pellets were almost as good.
CONCLUSION
Investigation concerning the utilization of olive cake cultivars Istarska Bjelica, Buža, Leccino and Pendolino for production of fuel agro-pellets, suggested following conclusions.
The applied response surface methodology of data gave accurate results concerning pellet quality. The obtained models presented good fitting to experimental results and had presented them satisfactory.
Olive cultivar was the variable which had had significant influence on all the measured parameters, especially on the ultimate analyses results. Physical characteristics were also significantly affected by conditioning temperature and binder content. ANOVA calculation of proximate analyses showed complex influence of linear and nonlinear terms and the parameters were influenced by all variables.
The obtained results point out that olive pellets from cultivar Buža, presented the best quality when processed at 50 °C, without addition of binder (optimizing function gained its maximum value of 0.66). However, this analysis also showed that agro-pellets made from unconditioned material, with 2% addition of binder gave very good results (optimizing function gained values ranging from 0.63-0.64), except for Buža cultivar.
Olive cake pellets present a good quality fuel. Most of the produced pellets were in boundaries proscribed by EU standards for fuel pellets. Some of the cultivars had higher levels of nitrogen and all had elevated sulphur, which are limiting factors. These higher levels cause high nitrogen and sulphur oxides emissions during combustion which are environmental pollutants. The resolution of that problem could be in combination of olive cake and for example wood in pellet production, which can lead to decrease of N and S content.
Conditioning treatment at 80 °C caused excessive rise of the moisture of the material, which consequently caused poorer quality of pellets, affecting mostly abrasion. SOP and ANN-based models were developed for prediction of C, H, N and S content, particle density, abrasion and length, and also moisture and ash content, HHV, LHV, fixed carbon and volatile matter content for a wide range of input variables. Both models are easy to implement and could be effectively used for predictive purposes, modelling and optimization. As compared to RSM, ANN model yielded a better fit of experimental data. Taking into account that a considerable amount and wide variety of data were used in the present work to obtain the ANN model, and considering that the model turned out to yield a sufficiently good representation of the experimental results, it can be expected that it will be useful in practice.
Aknowledgement
This article is written within the projects III 46005 and TR-31055, 2011-2014, funded by the Serbian Ministry of Education, Science and Technological Development.
